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1. Nature of equiphased s u r f a c e s  of 2 system of i n t e r f e r e n c e s  determined 

b~ two monochromatic cons t an t  sources ,  

Thus: C and D a r e  t h e  two source p o i n t s .  - 
- One supposes t h e  homogeneous middle  p o i n t  of index  marked n. 

- Given two p o i n t s  A ,  B one c a l l s  t h e  o p t i c  pa th  (AB) t h e  q u a n t i t y  n.  

AB p o s i t i v e  i f  i t  i s  counted going toward t h e  source .  

A )  - The p o i n t s  C and D are a t  i n f i n i t y  (F igure  1 )  o r  2 8  t h e  a n g l e  o f  

t h e i r  two d i r e c t i o n s  t o  i n f i n i t y .  The equiphased s u r f a c e s  a re  e q u i d i s t a n c e  . .  
' A  i 

&m.)riO, p a r a l l e l  p l anes - - th i s  i s  between planes being:  
~ . - ~  

B )  - One of t h e  p o i n t s  i s  a t  i n f i n i t y ,  e i t h e r  C (Figure 2 )  o r  (P) a wave 

. .  p lane  t aken  as r e fe rence - - the  poin tsof  a n  equiphase are  such t h a t :  

(MH) - (MD) = K cons tan t  

L e t  a p lane  ( P ' )  p a r a l l e l  t o  (P) such as 

(MI) = (MH')  + (N'H)  with (H'H) = K 

Then one has  f o r  each p o i n t  of t h e  equiphase K 

(MH') - (MD) = 0 

L e t  MH'  = MD 

The equiphases  are revo lu t ion  p a r a l o l o i d s  of  focus D and o f  axis p a r a l l e l  

t o  t h e  d i r e c t i o n  t o  i n f i n i t y  o f  C. 

C )  - C and D are two source  p o i n t s  a t  f i n i t e  d i s t a n c e ,  

The equiphases  are such t h a t :  

(MC) - (MD) = K cons tan t  

These are r e v d l u t i o n  hyperboloids  of focus  C and D w h o s e a x i s  i s  a 

s t r a i g h t  l i n e  CD. 
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D )  - One o f  t h e  po in t s ,  l e t  i t  be  C ,  i s  t h e  a c t u a l  p i c t u r e  p e r f e c t l y  

S t igma t i c  from a source  po in t  C' (Figure 3). 

- One observes  t h e  i n t e r f e r e n c e s  i n  the  p o r t i o n  o f  space  con ta ined  

between C and t h e  o p t i c  p r o j e c t i o n  system (S). 

- An equiphase  s u i f a c e  i s  def ined  by t h e  r e l a t i o n  

+ (MD) - (MC') = K cons tan t  

bu t  (MC') = (MC) + (CC') 

and (CC') = K '  cons t an t  no matter what M is, s i n c e  C is a 

p e r f e c t l y  s t i g m a t i c  p i c t u r e  of C '  

Thus one has  f o r  an equat ion  of a n  equiphase:  

(MD) - (MC) = K + K '  = cst .  

o r  n (MD + MC) = K + K '  

whence MD + MC = c s t .  

The equiphases  are thus r e v o l u t i o n  e l l i p s o i d s  o f  focuses  C and D whose 

a x i s  i s  t h e  s t r a i g h t  l i n e  CD. 

Note: - 
I f  D i s  i n  C t h e  e l l i p s o i d s  change i n t o  sphe res ,  t h e  equiphases  a re  

ana logous  t o  t h e  s t a t i o n a r y  waves which are produced i n  t h e  neighborhood 

of  a s p h e r i c a l  m i r r o r  l i g h t e d  by a c o n s t a n t  source  placed i n  i t s  c e n t e r .  

2. The g e n e r a l  cond i t ion  of st igmatism in holographic  networks. 
7 

- L e t  and 1.I be the  coherent  sou rce  p o i n t s  which de termine  t h e  

sys tem o f  i n t e r f e r e n c e s  a f f e c t i n g  t h e  s e n s i t i v e  s u r f a c e  f (F igure  4) .  

The grooves o f  t h e  f u t u r e  network correspond t o  t h e  equiphase i n t e r -  

s e c t i o n  l i n e  of t h e  volume o f  i n t e r f e r e n c e s  by t h e  s u r f a c e  & , 

- One ca l l s  homologous po in t s  o f  a same groove, t h e  p o i n t s  M which have 

a same o r d e r  o f  i n t e r f e r e n c e s ,  thus such a g :  

. -  
(case o f  t h e  hype rbo l i c  
equiphased s u r f a c e s ) ,  [ MC MD * #i Ao / (1) ' 

* . -  
4 -  

- The homologous p o i n t s  of t h e  preceding  po in t  on o t h e r  grooves w i l l  
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be by d e f i n i t i o n  such as:  

- L e t  I be one of t h e s e  po in t s  such a s :  

(2) I IC - ID = e2 I 

m e n t i r e l y  o 

- The groove t o  which t h i s  po in t  belongs w i l l  be  conven t iona l ly  called 

groove number 0 and by d e f i n i t i o n  1 1  (3) w i l l  b e  t h e  number 

o f  t h e  groove t o  which t h e  po in t  M be longs ,  such as 

- Suppose t h e  network completed: one p l a c e s  i n  a a c o n s t a n t  

polychromatic sou rce ,  and one tries t o  determine t h e  p o s i t i o n s  of t h e  

monochromatic p i c t u r e s  of A d i f f r a c t e d  by t h e  network, 

- L e t  

- The p r i n c i p l e  of Fermat p e r m i t s  a s s e r t i n g  t h a t  B i s  a p e r f e c t  p i c t u r e  

be t h e  p i c t u r e  of A f o r  t h e  wave l eng th  

of  A i f  t h e  o p t i c  t r a c k  MA + MB remains c o n s t a n t  no matter what M may be. 

I n  t h e  case o f  t h e  d i f f r a c t i n g  systems, t h e  q u a n t i t y  MA + MI3 ought t o  

remain cons t an t  t h e  l eng th  of a network groove, and o n l y & I \  ought t o  va ry  

from one groove t o  t h e  o t h e r  (k e n t i r e l y ) .  

- I f  t h e  s t igmatism i s  only approximate,  t h e  d e v i a t i o n  t o  t h e  s t i gma t i sm 

i s  c h a r a c t e r i z e d  by t h e  q u a n t i t y  

t r a c k  L = MA + MB wi th  r e s p e c t  t o  a n  o p t i c  t r a c k  of r e f e r e n c e  Le.  

equa l  t o  t h e  v a r i a t i o n  of  t h e  o p t i c  

- One can  pose: 

Lo = LA + I B  

L = M A + M B  

whence b = L - Lo 7 0  i f  phase r e t a r d  t h e  l eng th  of AMB 
4 0  is  phase advance t h e  l eng th  of  AMB 

The p r i n c i p a l  of Fermat t h e n  i s  w r i t t e n  for t h e  d i f f r a c t e d  p i c t u r e s :  
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I M A + M B =  I A + I B +  k.n + A(M) I 
- k e n t i r e l y  >L being by d e f i n i t i o n  the  o r d e r  of t h e  d i f f r a c t e d  p i c t u r e  

B of A f o r  t h e  wave l eng th  A 
- M being an  element of the  family of homologous p o i n t s  of groove number 

n a s s o c i a t e d  wi th  t h e  o r i g i n  I. 

Note: - 
The whole of t h e  homologous po in t s  p r e v i o u s l y  d e f i n e d  c o n s t i t u t e  a 

family of l i n e s  c a r r i e d  by t h e  miscellaneous grooves o f  t h e  network. 

I n  o r d e r  t o  d e s c r i b e  t h e  whole s u r f a c e  of t h e  network, an  i n f i n i t y  of 

such  f a m i l i e s  would be necessa ry ,  t o  which would correspond an  i n f i n i t y  

o f  o r i g i n s  I on groove number 0. 

The q u a n t i t y  IA + I B  which in t e rvenes  i n  t h e  formula (4) t h e r e f o r e  

depends upon t h e  f ami ly  of po in t  M i n  which we are  i n t e r e s t e d ;  bu t  t h e  

v a r i a t i o n  of t h i s  q u a n t i t y  i n  no way a f f e c t s  t h e  s t i gma t i sm of t h e  network, 

b u t  on ly  i t s  g l o b a l  e f f i c i e n c y .  

- The c o n d i t i o n  of st igmatism remains t h e  c o n d i t i o n  (4) o r  b would 

b e  n i l ,  v e r i f i e d  f o r  each family of homologous p o i n t s  taken s e p a r a t e l y .  

- From the  equa t ions  1, 2 ,  3 one can  e a s i l y  t a k e  n and c a r r y  t h i s  va lue  

t o  4 

i t  happens: 

whence: 

t hus  : 

L e t ' s  pose 

s n- MC-MD - (TC-TD) 
A0 

i 

i 

t i  Id(H) -, I A  t MB .- (IA + I B J  - k [ 14C-U.) -(IC-ID) 3 A 
1 ,  rco 

L I 

1 I 
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This  is a c h a r a c t e r i s t i c  cons t an t  of t h e  family of homologous p o i n t s  

considered . 
One has then  6 (M) = MA + MB - k - A (MC-MD) - $) 

ho  
The c o n d i t i o n  of s t igmatism becomes: 

MA + MB - k r\ (MC-MD) + = c o n s t a n t  - 
Q o  

- I f  p o i n t s  A,  B ,  C, and D are d i s t i n c t ,  such a r e l a t i o n  d e f i n e s  a t  

t h e  most a f i n i t e  number of curves ,  b u t ,  i n  o u r  case, the  r e l a t i o n  ought 

t o  be v e r i f i e d  by each p o i n t  M of a q u a s i - i n f i n i t y  of homologous l i n e s  

t r a c e d  on t h e  s u r f a c e  5 , In  o r d e r  t h a t &  problem be p o s s i b l e ,  i t  

is  t h e r e f o r e  necessa ry  t h a t  t h e  r e l a t i o n  dec rease  i n  such a way as t o  cause 

only two d i s t i n c t  p o i n t s  t o  in t e rvene .  

The r e l a t i o n  (6)  t hen  becomes a r e l a t i o n  of t h e  type  

c\ MP +pMQ = cst .  I\ and /v cons tan t  c o e f f i c i e n t s  

It d e f i n e s  then  a s u r f a c e  which thus  ought t o  be t h e  s u r f a c e  which 

c a r r i e d  t h e  network. 

- The r e l a t i o n  (1) I MC-MD = €I1 d o  corresponded t o  t h e  case where 

t h e  equifaced s u r f a c e s  are  o f  the hype rbo l i c  type,  i n  t h e  case where t h e s e  
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MA + MB - k (MC-MD) =9 = cst. 

3 .  Cases of harsh stigmatism f o r  hyperbolic equiphases.. 

The condition of stigmatism is written: 

- --- 

( 6  1 

- Miscellaneous cases of the decrease of ( 6 )  can be presented: 

One has then,; MA (2 - k r\ ) + k A MD = 8 - 
A 0  A 0  

One has harsh stigmatism in autocollimation in A f o r  any given wave 

length if 2 is the surface of Descartes definited by this relation. 

2.)  - ( A = B = C  

( MD = cst. 

-> MD = cst. implies that 2 is a sphere of center D 

Thus one has harsh stigmatism for 2 A b  in autocollimation on r c source A when the latter is placed in C. 
3 . )  - Thus A = D 

( 6 )  becomes: MA (1 + k A ) + MB - k A MC = 3 
A b  A 0  

-a) - if in addition A = - , + k < o  
k 

9 it happens that MB + MC = 

-7 5 ought to be an ellipsoid of focus B and C. 
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Y 
s u r f a c e  5 i s  a n  e l l i p s o i d  of focus B and C,  C being one of t h e  

r e g i s t r a t i o n  p o i n t s ,  t h e r e  is harsh s t igma t i sm i n  B f o r  t h e  wave l eng th  

i n  t h e  nega t ive  o rde r s  when one p l a c e s  t h e  sou rce  i n  D. 
k 

- b) - I f ,  i n  a d d i t i o n  MA = c s t .  w i th  B = C 

is t h e r e f o r e  a sphere of c e n t e r  A ,  D [ One observes  a t  po in t  C 

There i s  ha r sh  s t igmatism i n  C f o r  

c - c )  - One always has 

A and D are a t  t h e  c e n t e r  of a s p h e r i c a l  cap i f  i n  a d d i t i o n  one has  
r t 

One has i n  B a p e r f e c t l y  s t i g m a t i c  p i c t u r e  f o r  t h e  wave l e n g t h  r\ 
whatever g iven  

I 1 

L e t ’ s  propose1 = m . + 1 m 

R e l a t i o n  7 becomes: 

It means (Figure 5)  t h a t  p o i n t s  B and C ought t o  be s i t u a t e d  on a 

d i a m e t e r  P, Q of t h e  sphe re  5 and t h a t  P and Q ought t o  d i v i d e  harmonical ly  

t h e  segment BC i n  t h e  r e l a t i o n  m 

=QB = m .  
PC Qc 

It fol lows t h a t  one a l s o  has t h e  r e l a t i o n :  

b 
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The c o n d i t i o n  (6) 

R e l a t i o n s  which permit determining t h e  p o s i t i o n  of C and t h a t  of t h e  

t 

MA + MB - k (MC-MD) = = cs t .  
40 

Poin t  o f  o b s e r v a t i o n  B. 

I n  summary, i f  i s  a sphere of c e n t e r  D (MD = c s t . )  and i f  one 

c o n s i d e r s  B conjugated harmonic of p o i n t  C w i th  r e l a t i o n  t o  a d i ame te r  of 

t h e  sphe re :  (MB = m MC) 

- When source  A i s  a t  t h e  cen te r :  MA = MD e cSt. 

- There is ha r sh  stigmatism: 

i n  C f o r  t h e  wave l eng th  o 

. i n  B f o r  t h e  wave l eng th  
k 

m c\ o 
k 

- The s t igmatism expressing t h e  f a c t  t h a t  o p t i c  t r a c k s  are  s t a t i o n a r y ,  

one ought t o  o b t a i n  a s t igmatism f o r  o t h e r  wave l eng ths  when, wh i l e  u t i l i z i n g  

t h e  same network, one p l aces  t h e  source i n  C o r  B and one observes  i n  one 

of t h e  p o i n t s  D ,  C o r  B. 

- Let 's  ana lyze  t h e  d i f f e r e n t  c a s e s :  

- The hypotheses are: 

s p h e r i c a l  s u r f a c e  of c e n t e r  D: MD =: cs t .  ( 

P o i n t @  conjugated harmonic of C 
( 

( 
( See F igure  6 
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Thus f o r  c\ = (m + 1) I k] 
- One has ,  one t h e  o t h e r  hand, a l r e a d y  

o f  t h e  sou rce  t h e r e  is s t igmatism 

i n  D f o r  (\o 
k 

2') - Let's p l a c e  t h e  source i n  R: MA 

MB a )  - Let ' s  observe i n  D: 

The c o n d i t i o n  (6) becomes: 

M R + M D - k A  - ( M C - M D ) = ( l j )  

k > o  

shown t h a t  f o r  t h e  same p o s i t i o n  

= M R  ( 
( 

= M D  ( 

= c s t .  
40 

Thus : 

MC (m-k - ) + MD (1 + k L) = 9 c s t .  "J-1 k > 0 
A0 

The c o n d i t i o n  is  s a t i s f a c t o r y  f o r  

b )  - Source i n  R: MA = MR ( 

One observes  i n  C: MB = MC ( 
( 

The c o n d i t i o n  (6) becomes: 
n 

MR + MC - k (MC-MD) = ) = c s t .  

M C ( l + m - k  ) + k  4 M D =  =est, 

There is stigmatism f o r  A =  (nttl) 

c )  - Source i n  R:  MA = MB ( 

One observes i n  R: MB = MR ( 

A m  

- 7-J k >  0 

J e  

( 

The c o n d i t i o n  (6) becomes: 

2 MR - k A ., 

Thus MC (2m - k I\) + k 1\ MD = 

There is st igmatism f o r  1-1 
(MC-MD)= = ($ = cs t .  

Jo 
= c s t .  

k > o  



> 

In summary: - In the cas 

where one of  the r e g i s t r a t i o  

general,  three points of harsh s L I .:::;itis 

- the two reg i s tra t ion  points 

- the point conjug 

i s  not at  the center of the 

network . 
- the following sc 

networks : 

One has: = m DC -- ; DR = 1x.r. 
MC Kn 

- a ) - ~ f  m ) l  

- One has necessar i ly  n = Number o f  lines/mm of t h e  
network measured i n  the 

t h e  netwark 

- b ) -  I f m < 1  
\~ - No l imi ta t ion  on m 

- c is a t  the exterior 'of t h e  clvcle of  the ketwork. 
, I ,  c ? l . L  



- Figure  7 i n d i c a t e s  t h e  zone of t h e  p l ane  where i s  found: 

- Point  C according t o  the  values of m. 

- I f  C p e n e t r a t e s  t h e  i n t e r i o r  of t h e  c i rc le  of Rowland, t h e  t h i r d  

p o i n t  o f  s t i gma t i sm becomes p o t e n t i a l ,  whence a lesser i n t e r e s t  i n  t h e  

c o n f i g u r a t i o n .  

M A f M B - k X  ( M C + M D )  = n 1 = c s t .  - 
e 

( 6 ' )  

- One can  w r i t e  ( 6 ' )  i n  t h e  form: 

(MA - k & MC) + (MB - k A MD) = 9 = c s t .  - 
A 0  A 0  

It i s  then  obvious t h a t  f o r :  

( A = C  + source  p o i n t  i n  C 

( B = D  o b s e r v a t i o n  p o i n t  i n  D 

( J = J m  k > o  E- 

The r e l a t i o n  (6 ' )  i s  s a t i s f i e d :  

One has h a r s h  s t igmatism no matter what t h e  form of s u r f a c e  5 -e-- 

f o r  the wave l eng th  &, when one p l aces  t h e  sobtce i n  one of t h e  r e g i s -  

t r a t i o n  p o i n t s ,  and one observes a t  t h e  o t h e r .  
k 
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- A l l  t h e  c a s e s  of st igmatism ob ta ined  i n  the preceding paragraph are 

e q u a l l y  v a l i d  i n  t h e  case of e l l i p t i c a l  equiphases ,  p a r t i c u l a r l y  when t h e  

suppor t  i s  s p h e r i c a l  and when one of t h e  r e g i s t r a t i o n  p o i n t s  is l o c a t e d  a t  

t h e  c e n t e r  of t h e  network. 

- New p o s s i b i l i t i e s  are  however permit ted by t h e  f a c t  t h a t  one can 

have C and D mixed: 

t hus  C = D 

The c o n d i t i o n s  ( 6 ' )  becomes: 

I 0 MA+m - 2 k MC = 3 = c s t .  I - 
I 4. I 

The case  MD = cs t .  being excluded, one i s  led t o  c o n s i d e r  t h e  case: 

MA = cs t .  

Which i m p l i e s  a s p h e r i c a l  support  w i t h  t h e  sou rce  p o i n t  a t  t h e  c e n t e r  

of t h e  network: i t  happens t h a t :  

M A +  (MB - 2 k X  M C ) =  9 - cst. 
E O  

l e t ' s  propose m = 2k 
A 0  

The c o n d i t i o n  of s t igmatism i s  thus  s a t i s f i e d  f o r  whatever wave length:  

1-1 k > o i f  one has i n  a d d i t i o n :  
T K -  

(7)  / x - T F - q  
T h i s  imp l i e s  t h a t  B i s  i n  R conjugated harmonic of r e g i s t r a t i o n  p o i n t  C 

w i t h  regard t o  a diameter  PQ of t h e  s p h e r e  of t h e  network F igu re  8. 

Which i m p l i e s  t h e  r e l a t i o n :  

O r  s t i l l  i f  0 is t h e  c e n t e r  of t h e  network: 

OR = m - OP = 
oc OP 
- 
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Thus 

R. r a d i u s  of c u r v a t u r e  o f  t h e  network 
OR = m . r . (  

- One can a l s o  s a t i s f y  t h e  cond i t ion  (7) 

by making ( B = C 

and ( m = 1 

Therefore  one has ha r sh  s t igmatism f o r  t h e  wave l eng th  &o i f  one 
?k 

places t h e  source a t  t h e  c e n t e r  of t h e  network and one observes  a t  t h e  

common p o i n t  of r e g i s t r a t i o n .  

- A s  i n  t h e  preceding paragraph, one can  expect  o t h e r  c o n d i t i o n s  o f  

s t i gma t i sm when one u t i l i z e s  t h e  same network w i t h  t h e  sou rce  A and C, 

D o r  a t  p o i n t  R conjugated of C, D. 

- The hypotheses are t h e r e f o r e :  

- Spher i ca l  support  of c e n t e r  : o  

- Mixed r e g i s t r a t i o n  p o i n t s  : M C = M D  

- R conjugated harmonic of C, D w i t h  r ega rd  I L t o  a network diameter  : MR = m. MC 

- lo/- One p l a c e s  t h e  source A i n  C,  D : MA = MC = MD 

One observes a t  t h e  c e n t e r  of t h e  network: MB = cs t .  

The c o n d i t i o n  ( 6 ' )  becomes: 

MC ( 1 - 2 k A) + M B  = 9 = cs t .  
4 0  

It i s  t h e r e f o r e  s a t i s f i e d  f o r  t h e  wave l e n g t h  

k >  O - I  2k 

-2'1- One p l a c e s  sou rce  A i n  C ,  D : M A = M C = M D  

One observes i n  C ,  D MB = MC 

- One has seen  t h a t  t h e r e  is st igmatism f o r  

no matter what t h e  form of the  suppor t  may be. 



-3O/- Source A i n  C ,  D 

One observes  a t  po in t  R 
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: M A = M C = M D  

: MB"MR 

The c o n d i t i o n  of s t igmatism becomes: 

MC (1-2k L) + MR = f = cst .  

MC (1-2k A + m) = ?  = cs t .  = 

It i s  t h e r e f o r e  s a t i s f i e d  f o r  t h e  wave l eng th  

A 0  

77 

-4O/- One places t h e  source i n  R : M A = M R  

One observes  a t  t h e  c e n t e r  of t h e  network: MB = c s t .  

The c o n d i t i o n  ( 6 ' )  becomes: 

M R + M R  - 2 k A MC 

MB + ( m - 2 k A) -G 

A0 

t h u s  

The c o n d i t i o n  i s  s a t i s f i e d  

= 9 = c s t .  

MC = = c s t .  

for :  

-5O/- One p laces  t h e  sou rce  i n  R : M A = M R  

One observes i n  C, D : ,MB=MC 

The c o n d i t i o n  (6 ' )  becomes: 

The c o n d i t i o n  i s  s a t i s f i e d  f o r  t h e  wave l eng th  

-6O/- One places t h e  source i n  R 

One observes  i n  R 

The c o n d i t i o n  ( 6 ' )  becomes: 

: M A = M R  

M B = M R  
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There i s  ha r sh  s t igmatism f o r  t h e  wave l eng th  

One can summarize by schemas t h e  preceding p r o p e r t i e s :  

- Holographic networks wi th  s p h e r i c a l  suppor t  of c e n t e r  0,  r a d i u s  R. 
- 

- Equiphase s u r f a c e s  of e l l i p t i c a l  type - r e g i s t r a t i o n  p o i n t s  C,  D mixed. 

- Point  R conjugated harmonics of C, D wi th  regard t o  a d i ame te r  of 

t h e  network: - 

a) -  I f  > r n .  1 

n = number of lines/mm i n  t h e  

o = impression wave l e n g t h  
neighborhood o f  t h e  summit 

One has n e c e s s a r i l y  m 

C ,  D are a t  t h e  i n t e r i o r  of the c i r c l e  of t h e  network. 

- Holographic networks wi th  s p h e r i c a l  support  o f  c e n t e r  0,  r a d i u s  R ,  

- Equiphased s u r f a c e s  of  e l l i p t i c a l  t y p e - - r e g i s t r a t i o n  p o i n t s  C,  D 

mixed. I - Point  R conjugated harmonics of C, D w i t h  regard t o  a d i ame te r  of 

t h e  networks : 

MR = m oc = E OR = m . r .  
MC m 
- 

(above equat ion may be i n c o r r e c t )  

1 ,  
I f m  > 1  

- One has n e c e s s a r i l y  (unreadable) n = number of lines/mm i s  t h e  
neighborhood of t h e  s u m i t  

(unreadable) = impression wave l e n g t h  

- C,  D are a t  t h e  i n t e r i o r  of t he  c i r c l e  of t h e  network, G 
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If m < 1 4 no l i m i t a t i o n s  on m 

I 

. ' i  
I 

(unreadable) i n d i c a t e s  t h e  zones of t h e  p l ane  where are found p o i n t s  

(unreadable)  i n d i c a t i n g  t h e  values  (unreadable)  

- Networks & holography 

rise of  2 convex suppor t  

One always supposes t h a t  one of t h e  r e g i s t r a t i o n  waves is cen te red  on 

-- 

t h e  network--in ou r  case i t  is a convergent wave w i t h  B i t s  c e n t e r .  

-A)- The o t h e r  r e g i s t r a t i o r i  wave is a l s o  convergent w i t h  C i t s  c e n t e r  

(F igu re  1). 

The p o i n t s  C and D are t h e  p o t e n t i a l  p i c t u r e s  of two coherent  sou rce  

p o i n t s  S and Sd. 
C 



. 
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- Poin t s  M of a same equiphase l i n e  a t  t h e  s u r f a c e  of t h e  network are 

such t h a t :  

sc M - sd M = el r \ ,  

o r  I t h e  p o i n t  of o r i g i n  

s I - ‘ s d I  = 82 h o  C 

- The number of t h e  groove i s  by d e f i n i t i o n :  

thus: n = 1 [(ScM - Sd M) - (ScI - Sd 

Q1 - 8 
2 

A 0  

But, one can w r i t e :  

S M = Kc - MC w i t h  K 

S M = Kc - MC and K 

= (Sc C) 

= (S, D) 

C C 

and 

whence 
n = 1 [m - MC - (ID - IC)] xo 

-lo/ L e t ’ s  suppose t h e  network completed and le t ’ s  look a g a i n  f o r  

t h e  r e a l  p i c t u r e s  B d i f f r a c t e d  by t h e  network l i g h t e d  by a convergent 

polychromatic wave cen te red  i n  D (D p o t e n t i a l  p i c t u r e  from a real  s o u r c e  

‘d) 

I f  a stigmatic p i c t u r e  of A e x i s t s  f o r  one ought t o  have: 

S d M + M B = S d  I +  I B + n k A  

MB - MD = I B  - I D  = nk r\ 
(k on t h e  o r d e r  - +) 

t hus  

Let’s reDlace n bv i t s  value (1) i t  happens t h a t :  

I MB - MD - k t\ (MD-MC) = I B  - I D  - k A ( I D - I C )  I - 
b u t  MD = cst .  

The c o n d i t i o n  of s t igmatism t h e r e f o r e  becomes: 

MB + k MC = c s t r  
do 
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The c o n d i t i o n  is  thus  f i l l e d  f o r  

( k = - 1  A =  d o  i f B = C  
\ 

( k = - l  A i f  = -k r\ - 
MC 0 

- The f i r s t  s o l u t i o n  is n o t  p h y s i c a l l y  p o s s i b l e  

Point  C being by c o n s t r u c t i o n ,  p o t e n t i a l  

- The las t  s o l u t i o n  is p o s s i b l e  €or  a f r a c t i o n  of t h e  s u r f a c e  of t h e  

network ( see  F igu re  2)  i f  B and C are  conjugated harmonic w i t h  regard t o  

a network diameter  i n  t h e  r e l a t i o n  m = - k A 
F 

One has then: ( DB = m R 
( D C = E  

m 
R r a d i u s  of t h e  network. 

- 2 O /  L e t ' s  look a g a i n  f o r  the p o t e n t i a l  p i c t u r e s  B d i f f r a c t e d  by 

t h e  network l i g h t e d  by a convergent wave cen te red  i n  D. 

One ought t o  have: 

M + M s B = S  I + I s  + n k y \  
'd d B 

5, being a wave cen te red  on t h e  even tua l  p i c t u r e  B 

But one has  S M = KD - MD 5 = ('D Dl D 
K = (BLB)  

B and M L B = K B - M B  

whence I M B + M D = I D + I B - n k X  1 "- 

By r e p l a c i n g  n by i t s  va lue  t h e  c o n d i t i o n  of s t i gma t i sm becomes 

I MB + MD + k A (MD-MC) = I B  + I D  + k A (LD-IC) 
I_ 

K A 0  
It is s a t i s f i e d  f o r  

k = - 1  & = A 0  i f B = C  

k = = l  A i f  MB + k MC o 
4 A 0  
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0 A(M) = MA+MB-k (MC-MD) - J- k - (&c(M) - &(M)) 
r A 0  A b  

- The f i r s t  s o l u t i o n  is  v a l i d .  

- The second i s  only p h y s i c a l l y . p o s s i b l e  f o r  a f r a c t i o n  of t h e  s u r f a c e  

O f  t h e  network (see Figure 4) i f  B and C are conjugated harmonics i n  t h e  

r e l a t i o n  m = -k A wi th  regard t o  a diameter  of t h e  network. - 
A 0  

-5O)- D i f f r a c t i o n  b~ a holographic network o f  2 wave of g i v e n  form. - -- e 

- L e t ' s  t a k e  up aga in  the  demonstration of 2 0 

If  one d i s t o r t s  t h e  waves emit ted by p o i n t s  C and D a t  t h e  r e g i s t r a t i o n  

by modifying the o p t i c  t r a c k s  (MC) and (MD) of w e l l  determined q u a n t i t i e s  

6 c(M) and &D(M) by i n t e r p o s i n g  a phase scale on t h e  path of t h e s e  r a d i i ,  

t h e  equa t ions  (1) and (2) become: 

(MC +6c(M))  - (MD + dD (M)) = 81 r\ o 

(IC + & c ( I ) )  - (ID +JD (1)) = e2 A 0  

n = MC-MD - (IC-ID) + J C ( M >  -JD(M) - (6. (I)-& (I)) s o  (I)) 

The expres s ion  of n = - 8 becomes 
' 2  

The expres s ion  of the abe r ran t  d e v i a t i o n  d (M) r e l a t i v e  t o  t h e  wave 

d i f f r a c t e d  by t h e  network f o r  t he  wave l eng th  A becomes: 

. -  

By cons ide r ing  t h e  deformation 6 beginning w i t h  p r i n c i p l e  r a d i i ,  one can 

cause  sc (I) = 6, (I) = o 

whence by in t roduc ing  the cons t an t  

1 One has  &MI = MA + MB - k A (MC-MD) -?+ k A $ (M) D I A *  A 0  
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One can t h e r e f o r e  d i s t o r t  a t  w i l l  t h e  d i f f r a c t e d  waves, bu t  i t  must 

be no t i ced  t h a t :  

- t h e  s i g n  of t h e  d e v i a t i o n  introduced r e v e r s e s  i t s e l f  acco rd ing ly  as 

one u t i l i z e s  t h e  o r d e r  + o r  - 
- t h e  va lue  of t h e  d e v i a t i o n  introduced v a r i e s  l i n e a r l y  wi th  t h e  wave I 

l eng th .  

-6’1- The a b e r r a t i o n s  o f  t he  3’ o r d e r  of t h e  - 
G e n e r a l i t i e s .  

- Outside t h e  p o i n t s  of harsh s t igmatism,  t h e  
L .  .L-- 

ho lograph ic  networks. 

e x p r e s s i o n  of a b e r r a n t  

(5 1 d e v i a t i o n  
n NA+ b1B - K h ( I X  t P l l ) )  - ,3 - 

3;; I 

i -__-.... I . 
i s  d i f f e r e n t  from zero,  t h e  network d i f f r a c t s  a wave blemished w i t h  

a b e r r a t i o n s .  

- One w i l l  t r y  t o  o b t a i n  an  approximate va lue  of t h e  a b e r r a n t  d e v i a t i o n  

by making a l i m i t e d  development of t h e  expres s ion  o f  a (5) 

- I n  t h e  c a s e  of t h e  d i f f r a c t i o n  networks t h e  a n g l e s  between beams, Q ’  

o b j e c t  and p i c t u r e  are in gene ra l  important-- the f i e l d  v a r i a b l e s  w i l l  no t  

t h e r e f o r e  be taken as i n f i n i t e l y  small i n  t h e  f i r s t  o r d e r ,  t h e  l i m i t e d  

development of A(M) w i l l  be made w i t h  regard t o  the on ly  v a r i a b l e s  of 

opening. 

1 - Let  o( and 2 be t h e  p u p i l l a r y  coord ina te s  i n  t h e  p i c t u r e  space  

(see F igure  9), one w i l l  put  0 i n  t h e  form: 

The q u a n t i t i e s  depending on t h e  v a r i a b l e  3 of  t h e  coord ina te s  

o f  t h e  source p o i n t  and of obse rva t ion .  
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- 6, w i l l  be t h e  equ iva len t  of t h e  term of as t igmatism,  & of t h e  term 

of  Coma and Ls of t h e  term of s p h e r i c a l  a b e r r a t i o n .  The c o e f f i c i e n t  6 
of  t h e  term of t h e  f i r s t  degree w i l l  be capab le  of being n u l l i f i e d ,  t hus  

f u r n i s h i n g  a r e l a t i o n  between the  d i r e c t i o n s  of the  source and of its 

p i c t u r e .  

1 

- One w i l l  be a b l e  t o  cont inue t o  t h e  t r a n s v e r s a l  d e v i a t i o n s  by 

u t i l i z i n g  t h e  r e l a t i o n s  of  Hamilton: 

' .  

. . .  . . . - .  .... .~ I . ... 

- b) - The l i m i t s  of v a l i d i t y  of l i m i t e d  development. 

L e t ' s  mark t h e  space i n  r e l a t i o n  t o  3 r e c t a n g u l a r  axes  of common 

- 

o r i g i n ,  I, t h e  summit o f  t h e  network ( see  F igu re  10). 

- L e t  A be t h e  sou rce  p o i n t  which i l l u m i n a t e s  t h e  network. 

- The o b s e r v a t i o n  p o i n t  B w i l l  be chosen on t h e  r a d i u s  d i f f r a c t e d  by 

t h e  summit I of t h e  network f o r  t h e  r a d i a t i o n  x 
Let B'  be t h e  p r o j e c t i o n  of p o i n t  B on t h e  r ad ius  d i f f r a c t e d  by a 

p o i n t  M of t h e  network f o r  t h e  same wave l eng th ,  t h e  q u a n t i t y  BB' i s  on 

t h e  same o r d e r  of s i z e  as t h e  t r a n s v e r s a l  d e v i a t i o n .  

The a b e r r a n t  d e v i a t i o n  is equal t o  t h e  q u a n t i t y :  

A = (AMB') - (AIB) - P P e n t i r e l y  
a 

bu t  w e  c a l c u l a t e  t h e  quan t i ty :  

a = (AMB) - (AIB)  - p A 
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We t h e r e f o r e  commit a systematic  e r r o r  on t h e  o r d e r  of t h e  q u a n t i t y  (B 
2 

B') o r  on t h e  o r d e r  o f  t h e  dev ia t ion  t r a n s v e r s a l  t o  t h e  square.  

- I n  the  hypothesis  where one could n u l l i f y  t h e  terms of t h e  f i r s t  and 

o( ' , one would a g a i n  commit a n  e r r o r  of t h e  f o u r t h  t h e  second degree i n  

o r d e r  i n  d ' on the  va lue  of t h e  a b e r r a n t  d e v i a t i o n .  

- Given t h a t  one cannot ,  i n  gene ra l ,  completely n u l l i f y  t h e  terms o f  

as t igmatism,  i t  i s  u s e l e s s  t o  push t h e  l i m i t s  o f  development above t h e  

t h i r d  o rde r .  

However, i n  t he  neighborhood of t h e  p o i n t s  o f  ha r sh  s t igmatism,  t h e  

terms o f  the  f o u r t h  degree can be taken i n t o  c o n s i d e r a t i o n .  The i r  e x p r e s s i o n  

being extremely heavy, we s h a l l  l i m i t  o u r s e l v e s  t o  t h e  terms of Coma. 

c )  - The d i f f e r e n t  terms of aberrat ion: .  

- The space i s  marked i n  r e l a t i o n  t o  t h e  t h r e e  r e c t a n g u l a r  axes 

O f  o r i g i n  I, t h e  summit of t h e  network 

(F igu re  10 ) .  

The equa t ion  of t h e  s u r f a c e  which c a r r i e s  t h i s  last  i s  t h e n  

F 

4r -0  I para l o  l o i d  
I .  

- A p o i n t  of t h e  space  is  marked by t h r e e  coord ina te s  x ,  y, z and 

on  proposes 

1 2 = x 2 + y  2 2  + z  

- To c a r r y  o u t  t h e  l i m i t s  of development t o  t h e  t h i r d  o r d e r  of 

= MA + MB - k (MC +, MD) - 9 i t  necessa ry  t o  o b t a i n  
L 

t h e  development i n  t h e  same order  of t h e  q u a n t i t i e s  MA, MB, MC, MD 

which regard t o  Y and 2. 
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One has:  MA2 = (X-x) 2 + (Y-y) 2 + (2-2) 2 

2 2 2  
thus MA 2 = x2 + y + z 2  - 2(yY - z Z ) - 2 X x + Y  + z  + x  
From the equation of  the surface of t h e  network one takes:  

By o r d e r h g  (unreadable) 
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terms of t h e  1st o r d e r - !  

terms of t h e  2nd o r d e r 3  
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~ - fh 4 
L ( m z d  A b d )  +'($- PmA. T )  

t\f; - 0 -  * . e  R 

- I n  t h e  f i r s t  t i m e  one w i l l  be i n t e r e s t e d  i n  p o i n t s  l oca t ed  i n  t h e  

P lane  X Y ,  t h e r e f o r e  such as 

z = o  
-> 0% - I f  4 i s  t h e  o r i e n t e d  ang le  from t h e  v e c t o r  r a d i u s  I A  w i t h  t h e  a x i s  I X  

one has  on t h e  o t h e r  hand: 

( x =  1 cos o( 
( 
( y =  1 s i n  d. 

r 

- The expression of M A i s  then: 

M A =  

. -I 

A 
'r terms of t he  4 t h  order-% I- 

terms of t he  3rd order-' 

'+ y . . . . . .  , . 
j. . 

.I > < . .  .. I _. 
and t h e  fol lowing 

- Now l e t ' s  r e p l a c e  i n  t h e  expression of t h e  a b e r r a n t  d e v i a t i o n  

A = M A + M B - k  - 1 ( M C + M D )  - 0 7. (IC + I D )  w i t h  J = I A  + I B  - k n 

The d i f f e r e n t  terms MA, MB, MC, MD by t h e i r  development 
L 

We s h a l l  c h a r a c t e r i z e  t h e  po in t s  A,  B ,  C ,  D by p o l a r  coord ina te s :  

Source p o i n t s  A :  1~ 

Observation p o i n t  B :  p lB = I B  

1st r e g i s t r a t i o n  p o i n t  e :  p lC = I C  (Figure 11) 

2nd r e g i s t r a t i o n  p o i n t  D :  & lD = I D  
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It happens t h a t :  
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! 

I 

I 

1 
j 

+ 4 t h  o r d e r  

The s i g n  5 i n  t h e  last  term of each parentheses  correspond t o  thex 

c a s e  of t h e  e l l f p s o i d a l  equiphase s u r f a c e s  ( s ign  m )  and hype rbo l i c  

equiphases  ( s ign  +). 

- In o r d e r  t h a t  t h e  l i m i t e d  development have a d i r e c t i o n ,  w e  have 

s e e n  t h a t  t h e  terms o f  t h e  f i r s t  degree a t  least  ought t o  be n i l ,  one ought 

t h e r e f o r e  always to  have t h e  r e l a t i o n :  

This  is t h e  s t anda rd  formula of t h e  networks: 

The r a d i i  I A  and I B  ought t h e r e f o r e  t o  correspond by d i f f r a c t i o n  on 
: 

a network of s t e p  a i n  t h e  o r d e r  k. 

.. . . . 
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- This  cond i t ion  can be phys ica l ly  accomplished i n  t h e  case  which 

i n t e r e s t s  u s ,  f o r  t he  q u a n t i t y  a = A 0  r e p r e s e n t s  p r e -  

c i s e l y  t h e  s t e p  of t h e  i n t e r f e r e n c e  f r i n g e s  whic a re  produced i n  t h e  
s i n  V t s i n  

neighborhood of t h e  summit I of the s u r f a c e  

l eng ths  

f l i g h t e d  wi th  t h e  wave 

A, . by the  two coherent  p o i n t s  C and D of p o l a r  a n g l e  and d . 
2 - Among t h e  terms of astigmatism and Coma, t h e s e  a re  t h e  terms i n  Y 

and Y which are  t h e  most bothersome: t h e s e  are t h e  ones,  indeed, which 
3 

g i v e  a n  enlargement of t h e  p i c t u r e  pe rpend icu la r  t o  t h e  l i n e s  of t h e  

network . 
- Thus, t a k i n g  i n t o  account t h e  r e l a t i o n  (a), t h e  n u l l i f i c a t i o n  of 

2 
t h e  c o e f f i c i e n t  of Y g ives  t h e  p o l a r  l o c a t i o n  of t h e  t a n g e n t i a l  f o c a l :  

2 - In  like manner, t h e  n u l l i f i c a t i o n  of t h e  c o e f f i c i e n t  of Z would 

g i v e  t h e  p o l a r  l o c a t i o n  of t h e  s a g i t t a l  f o c a l :  /z = G ( ) 

3 - And t h a t  of a c o e f f i c i e n t  of Y t h e  p o l a r  l o c a t i o n  of least Coma. 
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i 
I 

7’1- Study - of  p a r t i c u l a r  cases  

lo/- The s tudy of t h e  condi t ions  o f  ha r sh  s t igmat i sm has shown us  

t h a t  i n  t h e  case  where t h e  support  of t h e  network i s  s p h e r i c a l ,  and where 

one of t h e  r e g i s t r a t i o n  po in t s  i s  a t  i t s  c e n t e r ,  t h r e e  p o i n t s  of p e r f e c t  

s t igmat i sm e x i s t  . 
- We are going t o  s tudy  i n  t h i s  p a r t i c u l a r  case t h e  form of t h e  f o c a l  

curves .  

Before making t h e  s tudy  of these  curves ,  we  are going t o  show t h e  

fo l lowing  p ropos i t i on :  

The f o c a l  curves ,  s a g i t t a l  and t a n g e n t i a l ,  and t h e  curve  of  no 

Coma are t h e  same, r e s p e c t i v e l y ,  as t h e  sou rce  p o i n t ,  whether i t  

be a t  t h e  c e n t e r  of  t h e  network, a t  po in t  C ,  o r  a t  p o i n t  R conjugated 

from poi’nt C - see (Figure 6). 

- We are  going t o  show t h i s  p ropos i t i on  i n  t h e  case of  t h e  t a n g e n t i a l  
r 

f o c a l  curve.  

Like demonstrat ions could be given f o r  t h e  l o c a t i o n  o f  t h e  s a g i t t a l  

f o c a l  and no coma. 

- a) - Source p o i n t  A i s  a t  t h e  c e n t e r  of t h e  network -’ o( = 0 J A =  

Poin t  D i s  a l s o  a t  t h e  cen te r  

: By c a r r y i n g  t h e s e  va lues  i n  t h e  term i n  Y 

- > g 1 0 4 ! 0 =  e 
2 of t h e  g e n e r a l  expres s ion  

o f  A i t  happens t h a t :  

& f  e o  w i t h  

The p o l a r  equa t ion  of t h e  t a n g e n t i a l  f o c a l  curve i s  thus g iven  by 

4 
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- b)  - Let's put  source  po in t  A i n  C: o( '= )f '.QA = -@< 

wi th  

The p o l a r  equa t ion  o f  t h e  t a n g e n t i a l  f o c a l  i s  thus  g iven  by 

t h e  r e l a t i o n :  

I t ' s  

c )  - L e t ' s  

t h e  same as t h e  preceding. 

p l a c e  the  sou rce  poin t  a t  po in t  R conjugated from p o i n t  C 

so t h a t  MR = m MC 4 
Li tera l  express ion  of  A i s  then:  

By r e p l a c i n g  MA, MC, MD by t h e i r  l i m i t e d  development, and by equal ing  

2 a t  zero  the  terms i n  Y and Y one then  o b t a i n s  t h e  system: 

The l o c a t i o n  of t h e  t a n g e n t i a l  f o c a l  i s  t h e r e f o r e  g iven  by t h e  r e l a t i o n :  

This i s  t h e  same r e l a t i o n  as i n  t h e  two preceding c a s e s ,  t h e  p ropos i t i on  

is t h e r e f o r e  demonstrated.  



d)  - The ropo i t i  n r  

- 2 9 -  

mains t r u e  i f  r e g - J t r a t i o n  p o i n t s  C and D 

are  mixed (equiphased s p h e r i c a l  su r f aces  s t u d i e d  a t  5 4 )  : 

One thus  has C and D mixed o r :  MC MD 

Let ' s  suppose t h e  sou rce  poin t  A i s  loca ted  i n  R conjugated from C,  D 

o r  MA = MR = m MC 

The expres s ion  of  4 is then: 

a = m MC + MC - k A (2MC) - 
I 
d 0  

By p lac ing  MC and MB by t h e i r  l imi t ed  development and by e q u a l l i n g  

a t  ze ro  t h e  terms i n  Y and Y 2 one ob ta ins  t h e  equat ions :  

5 .  .. . . 

The equat ion  of t h e  t a n g e n t i a l  f o c a l  i s  t h e r e f o r e  always g iven  by t h e  

One would demonstrate  t h e  p ropos i t i on  i n  l i k e  manner when t h e  source  

p o i n t  i s  i n  C,  D ,  o r  a t  t h e  c e n t e r  of  t he  network. 

ZO/- A n a l y t i c a l  s t u d y  of t h e  f o c a l  curves  

- According t o  t h e  preceding paragraph, i t  s u f k c e s  t o  make t h e  s t u d y  

--- 

! i n  a p a r t i c u l a r  case. 

One w i l l  p l a c e  sou rce  p o i n t  A a t  t h e  c e n t e r  of t h e  network: d = o R,z R 
The hypotheses are bes ides :  
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- Spher i ca l  suppor t  : A =  P = l  

- By c a r r y i n g  t h e s e  va lues  i n  t h e  c o e f f i c i e n t s  of  Y ,  Y 2 and Z 2 one 

- Poin t  D a t  t h e  c e n t e r  of  t he  network : & = 0 2 0 = 

o b t a i n s  t h e  des i r ed  p o l a r  equat ions :  

sin p = k d, e i n r  Coef f i c i en t  of t h e  1st degree:  
A0 

b I 

Equation of t h e  s a g i t t a l  f o c a l :  

- -  
Equat ion of t h e  t a n g e n t i a l  f o c a l :  

.. . .  . 

i 

- A/- The s a g i t t a l  f o c a l  

One recognizes  t h e  equat ion  of  a s t r a i g h t  l i n e  

It passes  by t h e  po in t s  @ = q 4 = R 

and = aq= 1 

o r  D 

o r  C 
C 

* This  i s  t h e r e f o r e  the s t r a i g h t  l i n e  CD'. -- 
- B / -  - The t a n g e n t i a l  foca l :  

t hus  

. . _ . . _ .  - 

,.. 

I 

.. .. 
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propose 

i t  happens t h a t :  

- a )  - The curve  t h e r e f o r e  p re sen t s  a n  assympoto t ic  d i r e c t i o n  f o r  t h e  

p o l a r  ang le  p6 s o  t h a t :  

, .  . ., . 

By convent ion one t akes :  O $ Y G  3c %;: 

I f  l&,  AM^, t h e r e f o r e  i f  p o i n t  C is e x t e r i o r  t o  t h e  c i r c l e  of  

Rowland: pa > 0 

I f  IC d&my t h e r e f o r e  i f  t h e  p o i n t  C is i n t e r i o r  t o  t h e  c i r c l e  of  

Rowland: 13 < 0 

The p o s i t i o n  of t h e  assymptote 

dc ;rH' e l i m i t  of 
. .  

. J .  - _ ,  

i s  de f ined  by t h e  q u a n t i t y  

(see f i g u r e  12) 
t . T . * ( W a )  

1 .  &.*ha . 

But one can wri te  3 -j i n  t h e  form: 
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3 
For no t  t o o  important ang le s  Ba s i n  Ba & s i n  Ba  

r C  1 I *  

t h e r e f o r e :  . & * '* &'A w. , 
S S  * -  

The assymptote passes i n  t h e  neighborhood of  t h e  c e n t e r  o f  t h e  network: 

The f o c a l  curve thus  passes  by t h e  summit o f  t h e  network w i t h  a v e r t i c a l  

t angen t .  

- c)  The i n t e r s e c t i o n  p o i n t s  of t h e  f o c a l  t a n g e n t i a l  curve wi th  t h e  

J7 s a g i t t a l  curve are obtained by w r i t i n g  t h a t  one has (unreadable)  

- One a l r e a d y  knows t h a t  t hese  two curves meet a t  least  i n  t h r e e  

p o i n t s :  t h e  p o i n t s  of ha r sh  s t i g m a t i s m .  

The r e s o l u t i o n  of t h e  equat ion Jr -$f = 0 

B , t hey  are t h e r e f o r e  n e c e s s a r i l y  t h e  3 s t i g m a t i c  p o i n t s :  

fu rn i shed  3 va lues  of 

thus 2 = H ~ 1 c e n t e r  of t h e  network 

p o i n t  R conjwgated harmonic o f  point-  C 

k w r  
-4, 

i f  C i s  e x t e r i o r  t o  t h e  c i r c l e  of Rowland 

4 <  p f i f  C i s  i n t e r i o r  t o  t h e  c i r c l e  of Rowland 
_ _  - 

- One n o t i c e s  t h a t  for = 00 p y o : p 1  
= o i s  r o o t  double t h e  t a n g e n t i a l  cu rve ,  i t  i s  t h e r e f o r e  t angen t  t o  

t h e  s t r a i g h t  l i n e  l o c a t i o n  of t h e  sag i t ta l  f o c a l  a t  t h e  cent ,e r  of t h e  network, 

t h e  ast igmatism t h e r e f o r e  remains almost n i l  i n  the neighborhood of t h i s  

p o i n t .  

- For = 2 R m r  , t h e r e f o r e  when p o i n t  C is  loca ted  on t h e  
. . 

c i r c l e  o f  t he  network, I p 3  a y  Z P : ,  
- 

.. . . . . . -. . .. I- 
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The s a g i t t a l  and t a n g e n t i a l  f o c a l  curves  a r e  t h e r e f o r e  tangent  t o  

p o i n t  C, t h e  ast igmatism remains t h e r e f o r e  a l s o  n e a r l y  n i l  i n  t h e  neigh- 

borhood of C f o r  t h i s  conf igu ra t ion .  

The d e r i v a t i v e  of 27 wi th  r e l a t i o n  t o  p i s  no t  s t u d i e d  s imply,  n 
i t  has as i t s  expres s ion  

A - The a n g l e  V between t h e  tangents  i n  a p o i n t  of t h e  f o c a l  t a n g e n t i a l  

cu rve  and the v e c t o r  r a d i u s  is given by the  expres s ion :  

- Figure  13 g i v e s  t h e  d i r e c t i o n  of t h e  f o c a l  curve when p o i n t  C - i s  a t  

t h e  e x t e r i o r  of t h e  c i r c l e  of Rowland o f  t h e  network. 

-. Figure  14 g i v e s  t h e  d i r e c t i o n  of t h e  f o c a l  curve when C i s  a t  t h e  

i n t e r i o r  of t h e  c i r c l e  of Rowland. One e s t a b l i s h e s  t h a t  i n  t h a t  case t h e  

t h i r d  po in t  of s t i gma t i sm i s  q u i t e  p o t e n t i a l .  

- Figure  15 g ives  t h e  evo lu t ion  of t h e  f o c a l  curve as a f u n c t i o n  of 

t h e  s t e p  of t he  network f o r  a same va lue  of m, t h e r e f o r e  t h e  same t h i r d  

wave l e n g t h  of stigmatism: A H  = 6000 (Point  C e x t e r i o r  t o  the  c i r c l e  o f  

Rowland). 

- Figure  16 g i v e s  t h e  evolut ion of t he  f o c a l  curves  as a f u n c t i o n  of  m 



-34- 

, 

for a given s tep:  1200 lines/mm, 

- I\ correction = m 4880 A' 

OC = R 
m 
- 

OR m.R. 

1 
Number of : I I if l ines  /mm 

600 I 17'. 

3 6' I 
I 
I 

I 

1200 

1800 61O.5 

2000 I goo 

I 0 

I A correction A 
2.05 10,000 

I 

I 

Value of m 

7,000 1.43 

1.23 I 6,000 

1 

0.82 

4,880 

4,000 

0.51  I 2,500 

0.246 

0.123 

1,200 

600 

The case m = o where point C i s  rejected a t  i s  equally in teres t ing .  

6 

-1 
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Examination of t h e  s a g i t t a l  and t a n g e n t i a l  f o c a l  curves  show t h a t  . 
t h e s e  curves are i n  g e n e r a l  secant  t o  t h e  s t i g m a t i c  p o i n t s ,  t he  s t i gma t i sm 

t h e r e f o r e  dec reases  r a t h e r  quickly i n  t h e  neighborhood o f  t h e s e  p o i n t s .  

- These curves a r e  found t o  be tangent  only i n  two c a s e s ,  when p o i n t  C 

is a t  i n f i n i t y  and when i t  is on the c i r c l e  o f  t h e  network: w e  are 

going t o  s tudy  i n  those  cases i n  t h e  neighborhood o f  t h e  p o i n t  of tangence, 

how t h e  Coma v a r i e s :  

lo/- R e g i s t r a t i o n  p o i n t  C i s  a t  i n f i n i t y  i n ' t h e  d i r e c t i o n  8 : on t h e  

o t h e r  hand, t h e  o t h e r  r e g i s t r a t i o n  p o i n t  D is a t  t h e  c e n t e r  of t h e  network, 

sou rce  p o i n t  A i s  a t  i n f i n i t y  i n  t h e  same d i r e c t i o n  as C,  and one observes  

i n  t h e  neighborhood of t h e  c e n t e r  of t h e  network 

* . -. 

6 S Q  
One has t h e r e f o r e  

I 

I 

The expres s ion  of t h e  a b e r r a n t  d e v i a t i o n s  t h e r e f o r e  becomes: - . 
A r e  

R For t a n g e n t i a l  a s t igma t i sm 
, 

I 

For s a g i t t a l  a s t igma t i sm 

/ ,. 
k 
! 

, .. 

I A 
. .  

?LE - 
46 

6. . 
c 

8 

For Coma 

A T  One does haw- b s r \ , O ,  f o r  , a t  t h e  cente; of t h e  network 

and one knows t h a t  t h e  ast igmatism remains n i l . i n  t h e  neighborhood, l e t ' s  

9 d d c .  c a l c u l a t e  
1 -  
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- .  . .  . ' ... . 

d a c  
n = O  

f0.r = o 2 6 = R one has  t h e r e f o r e  

The coma remains t h e r e f o r e  a l s o  very weak i n  t h e  neighborhood of 

t h e  c e n t e r .  
t - It i s  necessary however t o  n o t i c e  t h a t  t h i s  l a s t  p r o p e r t y  4 is 

t r u e  only when p o i n t s  A and 'C are mixed a t  i n f i n i t y ,  t h a t  i s ,  f o r  t h e  wave 

length 4880 a t  t h e  c e n t e r  of the network. 

- One can t r y  t o  e v a l u a t e  the he igh t  of t h e  t a n g e n t i a l  f o c a l :  

I f  H is t h e  he igh t  of t h e  l i n e  of t h e  network one has:  
. -  

I I 

. I  . . c ..I.> 

This expres s ion  remains t r u e  i f  p o i n t  A is no t  mixed wi th  p o i n t  C 

. - One can t h e r e f o r e  compare t h i s  mounting t o  t h e  s t anda rd  mounting 

of Wadworth. 

In t h i s  case: 
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' P  One has a l s o  hT = H s i n  

But one never has d A C = for  P' - ds 
- Figure 17 permi t s  comparing the arrangement of the two mounting. 

- The l inear  dispersion is  mult ipl ied by *d for the 

& Y  holographic mounting, 

. ..- 
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2')- R e g i s t r a t i o n  po in t  C i s  on t h e  c i r c l e  of t h e  network. 

- The o t h e r  r e g i s t r a t i o n  po in t  I) i s  a t  t h e  c e n t e r  of t h e  network as 

w e l l  as source p o i n t  A. 
5 - One observes i n  t h e  neighborhood of p o i n t  C 

4, c I R f - e b '  

Jn:a, A 

A = &  LL.  ' 

One has t h e r e f o r e  

The epxres s ion  of t h e  Coma is then:  
. . e _ _ -  

L ") -'-y (-+ - .%)] ; 
.J 

4 e  R 
_ _  _ _  

c R 

acing s, by i t s  value: 

Then one has as an expres s ion  of t h e  d e r i v a t i v e  of A c in r e l a t i o n  

to P 
I - . .  . 

- I n  t h e  neighborhood of the  s t i g m a t i c  p o i n t  C, t h e  astigmatism and 

t h e  coma remain t h e r e f o r e  very weak, 
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8 O / -  Appl i ca t ion  t o  spectroscopy: - 
I - Aber ra t ion  introduced the he igh t  of t h e  s l o t s .  

- The g e n e r a l  expres s ion  which g i v e s  t h e  a b e r r a n t  d e v i a t i o n  A h a s  been 

- 

e s t a b l i s h e d  f o r  p o i n t s  A,  B, C, D a l l  l oca t ed  i n  t h e  plane XY. 

- To t a k e  i n t o  account t h e  f i n i t e  h e i g h t  of t h e  s l o t s  of a spec t rog raph  

u t i l i z i n g  t h e  network, one i s  l ed  t o  g i v e  coord ina te s  a t  t h e s e  d i f f e r e n t  p o i n t s .  

- However, t o  conserve t h e  expressions a l r e a d y  e s t a b l i s h e d ,  w e  s h a l l  
-7 

adopt  a system of c y l i n d r i c a l  coord ina te s  of axis 12 . 
The coord ina te s  o f  A ,  B, C, D ,  w i l l  t hen  be : (see Figure 18) 

.. 

. 

' .  . FO.. B :  

w i t h  

wi th  

wSth 

w i t h  

u - One w i l l  t r y  t o  o b t a i n  a l imi t ed  development of q u a n t i t i e s  of  type 

9 MA, i n  r e l a t i o n  t o  the  v a r i a b l e s  of  t h e  f i r s t  o r d e r  Y, Z and a l s o  

- As i n  6 one w i l l  be a b l e  t o  put MA i n  t h e  form 



w i t h  

By a r r ang ing  according t o  inc reas ing  powers, Y, Z,  one w i l l  o b t a i n  

as a n  expres s ion  of MA: 

1st 

2nd 

3 r d  

M A =  

o r d e r  

o r d e r  

o r d e r  

4 - 4  

. -  
I 

I . '  . 

- By c a r r y i n g  t h i s  expression i n  t h e  l i t e r a l  expres s ion  of A ( 5 )  

one o b t a i n s ,  as a b e r r a n t  complementary' terms : 

)_. . 

- One w i l l  t a k e  i n  g e n e r a l  V C  , = I  v b  = . 0 * , I ,  one then  has as a b e r r a n t  
_^. ..d 

complementary terms : 

. 



A) - I n  t h e  second o rde r :  .. 
r A" = * -  z ( 

One can  n u l l i f y  i t  by making: 

which corresponds t o  a r e l a t i o n  

I n  t h e  t h i r d  o rde r :  

, . _ . I . .  

of  geometric i nc rea  

Taking i n t o  account t he  preceding r e l a t i o n :  
\ 

.se, 

- 

- which corresponds t o  a d i s t o r t i o n  of t he  p i c t u r e .  

- t h e  l a t t e r  becomes a curve wi th  a r a d i u s  R 
C '  

. 

- Y 
s i n  d Rc - i n  normal ' d i f f r a c t i o n  

R c  = -e i n  a u t o c o l l i n a t i o n  
2 s i n  d 

e 

C) - I n  t h e  t h i r d  o rde r :  
I ,  

Which corresponds t o  an enlargement o f  t h e  p i c t u r e .  

. .  

4 



















. e- 

t 

\ '. 
' ,  \ 

I 
.. 

- .  

-SO- 

c 



\ 

I 

I 

i 
, -4 

I 

-51- , 1 
' f  
'lI 

1 

_ -  



7 
,'I lr .. 

* ,. ': I, 
-.__ . . 

. .  . 

1 .  

. 
. .  

I 



I :  : :  

-53- ' 

i 

-. 

\ 

' .  

. .  




